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SUMMARY 
In 1977 f i s h  co l lec t ions  were made in the  upper Patuxent River of 
Maryland, and compared t o  co l lec t ions  from 1966-67 with respect  t o  diver-  
sity, evenness and composition of f i s h  communities. The upper Patuxent 
River was divided i n t o  Piedmont Plateau and Coastal  P la in  regions, no t  
only for geographical purposes, but  a l s o  because of t he  c lus te r ing  o f  
sewage treatment p l an t s  in t h e  Coastal  P la in  region.  
In the  Piedmont Plateau region, t h e  f i s h  species  d ivers i ty  changed 
very l i t t l e  from 1966 t o  1977 ( L i t t l e  Patuxent -- 2.82 t o  2.66; Middle 
Patuxent -- 2.86 t o  2.83; and main stem -- 2.46 t o  2.63), except i n  a 
section of L i t t l e  Patuxent River a t  and below the  City of Columbia where 
the species d ive r s i t y  index showed a s ign i f i c an t  reduction from 2.97 t o  
1.99, and i n  a sect ion of the  main stem Patuxent River immediately down- 
stream from t h e  Brighton Dam of t he  Triadelphia Reservoir where t h e  index 
increased s ign i f i c an t l y  from 1.66 t o  3.20. 
In  t he  Coastal  P la in  region, a s i gn i f i c an t  reduction i n  t h e  f i s h  
species d ive r s i t y  index occurred between 1966 and 1977 below the  two sewage 
treatment p l an t  o u t f a l l s :  Savage -- 2.69 t o  0 and Patuxent-Crofton -- 3.06 
to 1.33. Also, t he  subs tan t ia l  reduction i n  t h e  species d ive r s i t y  index 
which had already occurred i n  1966 below the  s i x  other  p l an t : ou t f a l l s  of F o r t  
Meade No. I, Fort  Meade No. 2, Maryland House of Correction, Maryland C i t y ,  
Parkway and Bowie,rernained depressed i n  1977. On t h e  o ther  hand, below t h e  
Horsepen Sewage Treatment Plant  (a  t e r t i a r y  p l an t  p rac t ic ing  dechlorination) 
the species d ive r s i t y  index increased from 1.91 t o  2.8. 
- 
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INTRODUCTION 
The Patuxent River, s i tua ted  between the  two metropoli tan centers of 
Washington, D .C . and Baltimore, Maryland, has been rapidly  de t e r io r a t i ng  
due to housing, highway and dam constructions,  and sewage disposal ,  a l l  
designed t o  meet rapidly  developing suburbs through t h e  bas in  (Tsai, 1971). 
f The pollution i n  t h i s  112 mile long stream, t h e  longest  r i v e r  which l i e s  
completely within the  S t a t e  of Efaryland, has been of deep concern t o  t h e  
State management agencies. 
Water qual i ty  surveys of the  Patuxent River were made by t h e  Maryland 
State Health Department in 1955 and 1956, and then by the  Maryland Department 
of Water Resources i n  1958 (Maryland Water Pol lut ion Control Commission, 
1958) and from 1961 t o  1966 (Allison,  1967, 1970). 
Mansuetti (1950) made the  f i r s t  systematic f i s h  survey of the  Patuxent 
River and found 125 species of freshwater and brackish water f ishes .  
However, the o r ig ina l  data  appears t o  be l o s t .  In  1966-1971, t h e  University 
of  Maryland's Center fo r  Environmental and Estuar ine  Studies  made an exteu- 
sive f i sh  survey of the  freshwater por t ion of t he  Patuxent River .  The 
results  showed tha t  chlorinated sewage eff luent  acted a s  a tox ican t  t o  f i s h  
communities immediately belaw the eff luent  a u t f a l l ,  but  it a c t e d  a s  an 
organic enricher and deoxygenator f a r the r  downstream (Tsai ,  1968). The 
fish migration, the abundance of res ident  species,  and t h e  f i s h  community 
in the L i t t l e  Patuxent River changed from 1958 t o  1967, due t o  an increase 
i n  sewage po l lu t ion  (Tsai ,  1970). Along with an increase  i n  sewage pol-  
lution,  a decrease i n  the  dar te r  (Etheostoma olmstedi S tore r )  population 
was observed i n  the  main stem of the  Patuxent River i n  the  a r e a  jus t  above 
the Bowie-Belair Sewage Treatment Plant  i n  1966 and 1977 (Tsai ,  1972). 
t Also, female da r t e r s  found in the sewage pol luted s t a t i o n  had a higher 
degree of fecundity than those in the  clean water s ta t ion .  In t h e  
Little Patuxent River t h e  na tura l  hybridization of t he  th ree  species  of 
cyprinid f ishes ,  Notropis cornutus (common shiner) ,  Notropis rubel lus  
(rosyface shiner)  and Clinostomus funduloides (rosyside dace), was brought 
about by the  high stream gradient and the extremely sandy bottom (Tsai  
and Ziesel, 1969). 
The present study was designed a s  a p a r t  of a cooperative pro jec t  
between the Maryland Water Resources Administration and the  Universi ty of  
Maryland's Center f o r  Environmental and Estuarine Studies.  The ob jec t ives  
of th is  study were: 1 )  t o  make an inventory of res ident  freshwater fishes 
i n  the Patuxent River and i t s  t r i b u t a r i e s  i n  1977; 2) t o  assess  t he  changes 
i n  the f i sh  community s t ruc ture ,  species  d ive r s i t y  and composition between 
1966 and 1977; and 3)  t o  augment the  data col lected by t h e  Maryland Water 
Resources Administration for  the  purpose of defining problem areas  i n  t h e  
Patuxent River system. 
STUDY AREA 
The upper Patuxent River, including t h e  main stem of t he  Patuxent 
River, the L i t t l e  Patuxent River, the  Middle Patuxent River, Hammond Branch 
and Dorsey Run, w a s  the  area  of t h i s  study (Fig. 1). The extent  of t he  
area was from t h e i r  individual headwaters t o  t h e  Patuxent-Lit t le Patuxent 
confluence, about 100 yards above P r i e s t  Bridge on Md. Rte 3 .  The a rea  i s  
divided by the  F a l l  Line i n to  two topographically d i s t i n c t  regions, t he  
Piedmont Plateau and the  Coastal Pla in .  There a r e  12 sewage treatment p l a n t s  
of various s izes  discharging t h e i r  e f f luen ts  i n t o  t he  r i v e r .  
The Middle Patuxent River i s  located e n t i r e l y  i n  the  piedmont Plateau. 
In the a reas  seined t he  r i v e r  was f i v e  t o  40 f e e t  wide and up t o  f i v e  f e e t  
deep. The subs t r a t e  consis ted  mainly of rocks and sand. Both r i f f l e s  and 
pools were pler i t i f  u l ,  bu t  aquat ic  vegetat ion was general ly  sparse.  Three 
small sewage treatment p l an t s ,  Johns Hopkins Univers i ty ' s  Applied Physics 
Laboratory, W.R.Grace Laboratory and t h e  Universi ty of  Maryland Agriculture 
Facil i ty,  a r e  located on t h i s  r i ve r .  
The Little Patuxent River flows through both t h e  Piedmont Pla teau 
and the  C ~ a s t a l  Plain regions. In t h e  areas  seined t h e  r i v e r  w a s  20 t o  50 
feet wide and up t o  f i ve  f e e t  deep. I n  t he  Piedmont Plateau region, t he  
river bottom consis ted  almost e n t i r e l y  of sand, gravel  and rocks, w h i l e  
i n  the Coastal Pla in  region,  t he  r i v e r  bottom consis ted  mainly of sand and 
s i l t .  Except f o r  t h e  Coastal Plain region of t h e  r i v e r  and t h e  a rea  i n  arid 
below the  Ci ty  of  Columbia located i n  t h e  Piedmont region, aqua t ic  vegeta t ion 
was generally sparse.  There were four  sewage treatment p l a n t s  i n  t h e  Coasta l  
Plain sec t ion  of  t h e  r i v e r ;  t h e  Savage Plant  se rv ing  t h e  c i t ies  of  Savage 
and Columbia, For t  Meade Number 1 and Number 2 P lan t s  serving t h e  Fort Meade 
Military Reservation, and the  Patuxent-Crofton Plant  se rv ing  the community 
of Crofton. 
Dorsey Run, located almost e n t i r e l y  i n  t h e  Coastal Pla in  region,  is 
a small t r i b u t a r y  of  t he  L i t t l e  Patuxent River. In t h e  a r e a s  seined,  t h e  
stream was s i x  t o  20 f e e t  wide and a s  deep a s  four fee t .  Subst ra te  cons i s ted  
mainly of rocks and sand. Both r i f f l e s  and pools were present .  The Maryland 
House of Correct ion 's  Sewage Treatment Plant  discharges i t s  e f f l u e n t  i n t o  
th i s  stream. 
Hamrnond Branch, located mainly i n  t he  Piedmont Plateau region,  is also 
a small t r i b u t a r y  of the  L i t t l e  Patuxent River. In  t he  a r e a s  seined,  the  
stream was f i v e  t o  10 f e e t  wide with a depth of up t o  four f e e t .  The stream 
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bed was rocky and sandy. The Maryland-Virginia Milk Producer Associa t ion 's  
Waste Treatment Plant  discharges i t s  e f f l u e n t  i n t o  t h i s  s tream, 
The main stem of the  Patuxent River, l i k e  t h e  L i t t l e  Patuxent River, 
flows through both the  Piedmont Pla teau and t h e  Coasta l  P l a i n  regions .  
Unlike the  L i t t l e  Patuxent River, t h e  main stem has  two major r e s e r v o i r s  
i n  the Piedmont Pla teau region,  Tr iadelphia  -- North o f  t h e  v i l lage  of 
Sunshine, and T .  Howard Duckett (Rocky Gorge) -- North of t h e  Ci ty  of  Laurel .  
I n  the  Piedmont Plateau region,  t h e  main stern ranged from 10 t o  100 f e e t  
wide and had a depth of up to  four f e e t  where se in ing was conducted. I n  
the Coastal  P la in  region where the  r i v e r  enlarged t o  a n  average width of 
over 60 f e e t ,  t h e  r i v e r  had many small i s l ands .  The r i v e r  bottom was 
sand and gravel  i n  t h e  Piedmont Plateau and was sand and s i l t  i n  the  Coas ta l  
Plain.  There a r e  seven sewage treatment p l a n t s  loca ted  on and discharging 
t h e i r  e f f l u e n t s  i n t o  the  Coastal  P l a i n  sec t ion  of  t h e  main stem of  t h e  
Patuxent River. They a r e  Maryland Ci ty ,  Laurel-Parkway , Patuxent  W i l d l i f e  
Research Center ,  Bowie S t a t e  College, Horsepen, Bowie Race Track and 
Belair-Bowie Sewage Treatment P lan t s .  

FISH SAMPLING STATIONS 
A t o t a l  of 5 2  f i s h  sampling s t a t i o n s  were chosen i n  1977; e i g h t  on t h e  
Middle Patuxent River, 19 on t h e  Little Patuxent River, t h r e e  on Dorsey Run, 
two on Hammond Branch, and 20 on t h e  main s t e m  o f  t h e  Patuxent  River. Their 
- locations a r e  shown i n  Fig. 1. In  1977 t h e s e  s t a t i o n s  w e r e  chosen to e i t h e r  
correspond t o  t h e  1966 and 1967 loca t ions  o r  where a d d i t i o n a l  sampling stations 
I were needed due t o  excessive d i s t ances  between t h e  1966-1967 s t a t i o n s .  These 
new s ta t ions  w e r e  chosen t o  be a t  o r  nea r  water  sampling s t a t i o n s  used by 
the Maryland S t a t e  Water Resources Administration. Whenever a major sewage 
treatment p l a n t  was encountered, p a i r e d  s t a t i o n s  (one upstream and one 
immediately downstream of t h e  e f f l u e n t  d ischarge)  w e r e  e s t a b l i s h e d  t o  s tudy 
the immediate impact of  t h e  sewage on t h e  f i s h  community. This p a i r i n g  o f  
stations was done i n  both 1966-67 and 1977, except  i n  t h e  Czoas ta l  P la in  
region of t h e  main stem of  t h e  Patuxent River in 1977. In  th i s  a rea ,  because 
of the d i f f i c u l t y  i n  reaching some o f  t h e  o u t f a l l s ,  such p a i r i n g  could on ly  
be done a t  t h e  Maryland Ci ty  Sewage Treatment P l a n t  o u t f a l l .  The d e t a i l e d  
descriptions o f  t h e  s t a t i o n s  a r e  a s  follows: 
Station River ~ i l e s g  
1 The Middle Patuxent River a t  t h e  b r idge  on Pfef ferkorn  
Road, 2 miles SW of Friendship.  38.3 
2 The Middle Patuxent River a t  t h e  br idge  on MD. 32, 
1.1 miles  SW of Friendship.  36.2 
3 The Middle Patuxent River a t  t h e  br idge  on Tr iade lph ia  
Road, 2.6 m i l e s  SE of  Mayfield. 35 .O 
4 The Middle Patuxent River a t  t h e  br idge  on Fo l ly  Quar ter  
Road, 2.6 m i l e s  SE of  Mayfield. 32.6 
5 The Middle Patuxent River a t  t h e  br idge  on MD. 108, 
(C la rksv i l l e  P i k e ) ,  3.3 mi les  East  o f  Linden Church 
o r  4.6 mi les  SW of Columbia. 29.1 
6 The Middle Patuxent River a t  t h e  br idge  on MD. 32, 
j u s t  ou t s ide  of Simpsonville. 25.4 
7 The Middle Patuxent River a t  t h e  br idge  on Kindler 
Road, near  Hammond Park, between Carman Road (0.6 m i l e )  
and Guilford Road (0.8 mi le ) .  22.9 
8 The Middle Patuxent River a t  t h e  br idge  on Murray H i l l  
Road, between Guilford Road (0.5 mile) and Gorman Road 
(0.8 m i l e ) ,  1 .3  m i l e s  SE of  S t a t i o n  7. 20.6 
9 T h e L i t t 1 e P a t u x e n t R i v e r a t t h e b r i d g e o n U . S .  40, 
e a s t  o f  MD. 144, 3 mi les  NW of  E l l i c o t t  City.  30.2 
10 The L i t t l e  Patuxent River a t  t h e  br idge  on MD. 108, 
next  t o  Maple Grove Church 0.5 miles West of  U.S. 29. 27.4 
11 The L i t t l e  Patuxent River, 1 .5  miles SW of t h e  i n t e r -  
s e c t i o n  of  U.S. 29 and MD. 108, j u s t  below t h e  pond 
a t  t h e  Columbia development. 24.6 
1 2  The L i t t l e  Patuxent River a t  t h e  br idge  on MD. 32 n e x t  
t o  Berger Road and Murray H i l l  Road i n t e r s e c t i o n ,  2 .6  
m i l e s  SE of  Simpsonville.  21.4 
- Distances on land were measured by a s t r a i g h t  l i n e  from p o i n t  t o  
po in t .  
River m i l e s  were measured along t h e  r i v e r  course  from t h e  - 
confluence o f  t h e  main stem of t h e  Patuxent River and t h e  Little 
Patuxent River. 
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Descript ion River Miles 
13 The L i t t l e  Patuxent River a t  t h e  br idge  on Vollmerhausen 
Road j u s t  North of  Savage. 17.8 
14 The L i t t l e  Patuxent River a t  t h e  br idge  on U.S. 1 j u s t  
SE of Savage. 17.2 
15A The L i t t l e  Patuxent River immediately upstream from t h e  
Savage Sewage Treatment P lan t  o u t f a l l .  16.53 
i 15B The L i t t l e  Patuxent River, about 50 yards  downstream 
from t h e  Savage P lan t  o u t f a l l .  16.51 
15C The L i t t l e  Patuxent River on Brock Bridge Road, a t  t h e  
Maryland House of Cor rec t ion ' s  Water Pumping S ta t ion .  16.1 
16 The Hammond Branch a t  t h e  br idge  on Leishear Road 
upstream from t h e  Maryland-Virginia Milk Producer 
Associa t ion 's  Waste Treatment P lan t  o u t f a l l  between 
Gorman Road (0.7 mi le)  and MD. 216 (0.3 m i l e ) .  20.9 
17 The Hammond Branch a t  the  br idge  on U.S. 1, next t o  
t h e  Laurel Harness Racing Track, between Gorman (0.6 
mi le)  and Whiskey Bottom Road (0.6 m i l e ) .  17.0 
18 Dorsey Run a t  t h e  ~al t imore-Ohio  r a i l r o a d  br idge  (0.6 
mile SW of  Jessup) .  16.3 
19 Dorsey Run a t  t h e  br idge  on road about 100 yards down- 
stream from the  Maryland House o f  Correct ions 's  Sewage 
Treatment Plant  o u t f a l l ,  1.2 miles South of Jessup. 15 -5 
20  Dorsey Run a t  t h e  br idge  on MD. 32, 3 miles South o f  
Jessup. 14.5 
21 The L i t t l e  Patuxent River a t  t h e  br idge  i n  t h e  Wash- 
ington D.C. Chi ldren 's  Training Center. 13.2 
22A The L i t t l e  Patuxent f i v e r  a t  Simonds Bridge, immediately 
upstream from t h e  For t  Meade Sewage Treatment P l a n t  
No. 2 o u t f a l l ,  3.1 miles West o f  Odenton. 11.74 
22B The L i t t l e  Patuxent River about 100 yards downstream 
from t h e  For t  Meade No. 2 o u t f a l l ,  3 miles West o f  
Odenton . 11.67 
23 The L i t t l e  Patuxent River a t  t h e  Old Forge Bridge on 
Switchboard Road i n  For t  Meade, 1 mile from MD. 198 
and 3 m i l e s  S W  of  Odenton. 10.3 
Station Descript ion River Miles 
24A The L i t t l e  Patuxent River, upstream from t h e  F o r t  
Meade No. 1 Sewage Treatment Plant  o u t f a l l .  
24B The L i t t l e  Patuxent River about 200 ya rds  downstream 
from t h e  F o r t  Meade No. 1 Plan t  o u t f a l l .  6 .8  
25 Tlie L i t t l e  Patuxent River a t  t h e  br idge  on MD. 424, 0.4 
miles West of MD. 3 (Crain Hwy) near Conaways. 3 -0 
26A The L i t t l e  Patuxent River, immediately upstream from 
t h e  Patuxent-Crofton Sewage Treatment P l a n t  o u t f a l l .  2.18 
26B The L i t t l e  Patuxent River about 500 yards  downstream 
from t h e  Patuxent-Crofton P l a n t  o u t f a l l .  2.17 
27 The L i t t l e  Patuxent River about 0.25 m i l e s  above t h e  
Patuxent-Li t t le  Patuxent Confluence. 0.2 
28 The Patuxent River, a t  the  br idge  on Long Corner Road, 
2.75 m i l e s  SE from t h e  Frederick-Montgomery County Line,  
o r  1.75 miles East  o f  Friendship. 4 6 . 8  
29 The P a t w e n t  River a t  the  br idge  on Mull inix M i l l  Road 
i n  Mullinix. 45.2 
30 The Patuxent River a t  t h e  br idge  on E l l i c o t t  Road (MD. 
9 4 ) ,  0 .4  mi les  South of  Annapolis Rock. 43 - 5  
31 The Patuxent River a t  the  br idge  on Hipsley 's  M i l l  
Road, 1 mile SW of Hipsley 's  M i l l .  42 .0  
32 The Patuxent River a t  t h e  br idge  a t  MD. 97, 2.25 m i l e s  
North of  Sunshine, j u s t  before  e n t e r i n g  t h e  Tr iade lph ia  
Reservoir.  37.6 
3 3  The Patuxent River about 200 yards downstream from t h e  
Brighton Dam of  t h e  Triadelphia Reservoir.  32.4 
34 The Hawling River, a  t r i b u t a r y  t o  t h e  Patuxent River,  
a t  t h e  br idge  on MD. 650, 1 . 3  miles South of Brighton 
o r  0.6 mi les  NW of Brinklow. 31.5 
35 The Patuxent River a t  the  S n e l l  Bridge on MD. 108, 27.8 
36 The Patuxent River downstream from t h e  Rocky Gorge 
Dam, adjacent  t o  t h e  Laurel swimming pool-  17.3 
37 The Patuxent River a t  the  br idge  on MD. 198 i n  Laurel .  14.3 
Station Descr ip t ion  
38A The Patuxent  River immediately upstream from t h e  
Maryland C i ty  Sewage Treatment P l a n t  o u t f a l l .  
38B The Patuxent  River about  500 yards  downstream from 
t h e  Maryland C i t y  P l a n t  o u t f a l l .  
The Patuxent  River  a t  t h e  b r idge  on Brock Bridge Road 
between MD. 197 (0.5 mi le)  and t h e  Baltimore-Washington 
Parkway (0.75 m i l e )  . 
The Patuxent  River a t  t h e  b r idge  on t h e  Baltimore- 
Washington Parkway. 
The Patuxent  River i n  t h e  Patuxent  W i l d l i f e  Research 
Center ,  abou t2 .3mi le sups t r eam from t h e  DuVall Bridge. 
The Patuxent  River a t  t h e  DuVall Bridge. 
The Patuxent  River below t h e  Pennsylvania Rai l road  
Bridge, 0 .4  mi le  downstream of t h e  Lemon Bridge. 
The Patuxent  River upstream from t h e  Horsepen Sewage 
Treatment P l a n t  o u t f a l l .  
The Patuxent  River a t  t h e  b r idge  behind t h e  Bowie Race 
Track. 
The Patuxent  River about  0.25 m i l e  upstream from t h e  
Pa tuxen t -L i t t l e  Patuxent  Confluence. 
River  Miles 
\ MATERIALS AND METHODS 
Two s e r i e s  of f i s h  c o l l e c t i o n s  were made i n  1977. The f i r s t  s e r i e s  
was from 1 August t o  16 August and t h e  second s e r i e s  was from 30 August t o  
16 September. A s  done i n  1966-67, a t  each s t ak ion  a l l  h a b i t a t s  ( r i f f l e ,  
pool, under vege ta t ion ,  and var ious  stream bottoms such a s  sand,  gravel  and 
mud) w e r e  sampled f o r  approximately one hour t o  i n s u r e  cap tu re  o f  spec ies  
with d i f f e r e n t  h a b i t a t  preferences .  A 10-foot s e i n e  wi th  a quar te r - inch  
mesh was used a s  i n  t h e  1966-67 c o l l e c t i o n s  (Tsai ,  1968). The f i s h  taken 
were preserved i n  a 15 percent  formalin s o l u t i o n ,  except  f o r  t r o u t  which 
were counted and re leased,and f o r  l a r g e  sunf i sh  which w e r e  counted and frozen. 
These frozen s u n f i s h  were t o  be used by the Maryland Department o f  Health and 
Mental Hygiene f o r  t o x i c  substance ana lys i s .  The preserved f i s h  samples 
were taken t o  t h e  l abora to ry ,  s o r t e d  by spec ies ,  counted and recorded.  
The q u a n t i t a t i v e  measurements of spec ies  d i v e r s i t y  and evenness i n d i c e s  
were used t o  compare one community wi th  another  and t o  d e t e c t  responses  of  
the community t o  environmental s t r e s s  and p e r t u r b a t i o n  (Richards,  1976). 
The add i t ion  of  a p o l l u t a n t  t ends  t o  e l imina te  o r  t o  reduce t h e  number o f  
species i n  t h e  community and o f t e n  f a v  o r  s t h e  growth o f  s o m e  spec ies  
which a r e  t o l e r a n t  t o  t h e  p o l l u t a n t .  Therefore, a decrease  i n  b o t h  d i v e r s i t y  
and evenness ind ices  i n d i c a t e s  t h e  presence o f  some environmental  stress on 
the community. 
For each s t a t i o n  t h e  f i s h  spec ies  d i v e r s i t y  index (z) w a s  ca lcu la ted  
with t h e  Shannon-Weiner formula (Zajac, 1971). The evenness index  (E) was 
ca lcula ted  by t h e  formula used by Richards (1976): 
- 
.- 
H = 3.3219 ( log  N - 1 / ~  F nilog10 nil 10 -
- - i= 1 
E = H/H 
max 
Where N i s  t h e  j t o t a l  number of ind iv idua l  f i s h  c o l l e c t e d ;  ni is t h e  number 
of individuals p e r  species  co l l ec ted ;  S is t h e  t o t a l  number o f  species;  and 
- 
H ~ , ~  is the  maximum d i v e r s i t y  a  c o l l e c t i o n  can have, t h a t  is  when a l l  
species i n  a c o l l e c t i o n  have an equal  number o f  individuals .  Number 3.3219 
i s  a constant  used t o  change t h e  logari thm from base  10 t o  base 2. 
Using t h e  above two ind ices ,  t h e  f i s h  community d i v e r s i t y  and evenness 
a t  each s t a t i o n  were compared between 1966 and 1977 t o  a s s e s s  the change in  
fish community. A t - t e s t  (Zar, 1974) was performed f o r  t h e  species  d i v e r s i t y  
indices a t  each s t a t i o n  t o  determine t h e  s i g n i f i c a n t  l e v e l  o f  t h e  change 
from 1966 t o  1977: 
- 
where H1 and % a r e  t h e  species  of 1966 and 1977 
respect ively  and S- - - . The v a r i a n c e  o f  
H1 H2 
i s  approximated by 
I n  t h i s  study, the  d i f fe rence  befmeen t h e  two ind ices  i s  considered 
t o  be s i g n i f i c a n t  when t h e  p robab i l i ty  of  t h e  t-value is  a t  o r  Less than 
t h e  5% l e v e l  ( ~ < 0 . 0 5 ) .  Absolute values  obtained f o r  d i v e r s i t y  (E) and evenness 
(E) have no i n t e r p r e t a t i v e  meaning and t h a t  only d i f fe rences  i n  values  between 
years  a t  a  given s t a t i o n  o r  between two adjacent  s t a t i o n s  have i n t e r p r e t a t i v e  
meaning. Therefore,  except a s  noted, average values  of and E f o r  t h e  two 
. . 
sampling per iods  a r e  used i n  the  d iscuss ion of the  r e s u l t s .  
RESULTS AND DISCUSS ION 
The Middle Patuxent River 
On 5 September 1977 when S ta t ion  6 (near Simpsonville) was v i s i t e d ,  
thousands of dead f i s h  were f loa t ing  i n  the  water o r  washed up onto t h e  
rocks o r  the  shores. Of the dead f i s h ,  l a rge  Anguilla r o s t r a t a  (American 
eel ) ,  Semotilus corporal is  ( f a l l  f i sh )  and Exoglossum maxillingua ( cu t l i p s  
minnow) were most v i s i b l e .  No l i v e  f i s h  were observed i n  o r  col lected 
from the  r i v e r  a t  t h i s  s t a t i o n .  On the  same day hundreds of f i s h  were 
col lected j u s t  upstream a t  S ta t ion  5 (4  miles upstream of S t a t i on  6) .  On 
8 September 1977 S ta t ions  7 and 8 were v i s i t e d  ( 2 . 5  miles and .4.8 miles 
dotmstream, respect ively ,  of S ta t ion  6).  Many dead f i s h  were found a t  
these  two s t a t i ons .  No l i v e  f i sh  were taken a t  S t a t i on  7 and only 52 
specimens of Notropis cornutus (common shiner)  and one specimen of Notropis 
procne (swallowtail  shiner)  were col lected a t  S ta t ion  8. The sect ion of 
the  r i v e r  where t h e  f i s h  k i l l  was observed was j u s t  downstream from t h e  
W .  R .  Grace ~ a b o r a t o r y ' s  Waste Treatment Plant  o u t f a l l .  Because t h e  f i s h  
k i l l  was incidenta l  and thus not  represen ta t ive  of t he  r i v e r ' s  condition, t h e  
f i s h  observations a t  S ta t ions  6,  7 and 8 i n  September were no t  used f o r  
comparison of data between 1966 and 1977. 
The species composition, species d ive r s i t y  indices and evenness ind ices  
a t  t h e  e ight  s t a t i ons  studied i n  1966-67 and 1977 a r e  shown i n  Table I. 
The average species d ivers i ty  indices a r e  compared between 1966 and 1977 i n  
Fig.  2 .  In 1966-67 f i s h  co l lec t ions  were made only a t  S t a t i ons  3 and 8. 
A t  these  two s t a t i ons  the  average species d ive r s i t y  index was 2.69 and 3 -19 
respect ively ,  which were not s i gn i f i c an t l y  d i f f e r en t  (P > 0.5) from 2 -65 and 
Table 1. Species  composi t ion,  s p e c i e s  d i v e r s i t y  and evenness  o f  f i s h  community sampled f r o m a t h e  Middle 
Patuxent  River, 1966, 1967 and 1977. 
Clinostomus funduloides  
Notropis  c o r n u t u s  
Notropis  procnc 
Notropis  ana los t anus  
Etheostoma o lmsted i  
Rhinichthys a t r a t u l u s  
Semotilus c o r p o r a l i s  
Notropis  r u b e l l u s  
Year 
S t a t i o n  
Mon t h  
Exoglossum maxi l l ingua  
Catostomus commersoni 
Rhinichthys c a t a r a c t a e  
Nocomis micropogon 
Semoti lus  a t romacula tus  
Micropterus  dolomieui 
Lepomis a u r i t u s  
Perc ina  p e l t a t a  
Anguil la  r o s t r a t a  
Lepomis macrochirus  
Hypenteliurn n i g r i c a n s  
Noturus i n s i g n i s  
Etheostoma vi t reum 
Micropterus  salmiodes 
Notemigonus c ryso l eucas  
Number of i n d i v i d u a l s  
Number of s p e c i e s  
Species  d i v e r s i t y  index ( H )  2.69 312 3.26 L 8 3  3.10 2.45 1.66 3.02 2.78 2.93 2.37 2.74 2.35 2 5 6  2.33 2.95 2.93 2-91 
Evenness index  (e) 0.67 0.82 0.86 0.49 0.81 0.68 0.52 0.73 0.78 0.75 0.67 0.69 0.68 0.63 0.67 0.72 0.71-0.75 
1977 1966 
3 
J u l  
1967 
8 
Apr J u l  
1 8 2 
Aug J u l  Aug 
3 
Aug Sep Aug Aug Sep 
6 7 8  
Aug Sep 
4 
Aug Aug 
5 
Sep Aug Sep 
S p e c i e s  D i v e r s i t y .  index 
I 
- 16 - 
2.91 in  1977. The evenness ind ices  ranged between 0.69 and 0.80 in 1966 
and 0.67 and 0.75 i n  1977. A t  S t a t i o n s  1, 2, 4 ,  5 ,  6 and 7 f i s h  c o l l e c t i o n s  
were made only i n  1977. The spec ies  d i v e r s i t y  and evenness i n d i c e s  ranged 
between 1.66 and 3 .02  and between 0.52 and 0.79 r e spec t ive ly .  These v a l u e s  
were f a i r l y  s i m i l a r  t o  those  a t  S t a t i o n s  3 and 8 (Fig .  2 ) .  
A t o t a l  of 24 species  of f i s h  were c o l l e c t e d .  O f  them C .  funduloides, 
N .  cornutbs, g. procne,  N. rube l fus ,  Notropis analos tanus  ( s a t i n f i n  s h i n e r ) ,  
- 
Rhinichthys a t r a t u l u s  (blacknose dace) ,  Rhinichthys c a t a r a c t a e  (longnose 
dace) 2. c o r p o r a l i s ,  E .  maxi l l ingua ,  Etheostoma olmstedi  ( t e s s e l l a t e d  d a r t e r )  
and Ca tos  t o m s  commersoni (white  sucker)  were dominant. Microp t e rus  
dolomieui (smallmouth bass)  is  t h e  most important s p o r t  f i s h e r y  spec ies  i n  
the Middle Patuxent River .  This  s p e c i e s  was f a i r l y  common through the 
r iver  i n  both 1966 and 1977. On t h e  o the r  hand, Lepomis a u r i t u s  ( redbreas t  
sunfish) which were common i n  1966-67 were represented  by only  two specimens 
i n  1977. Evident ly ,  i t s  popula t ion  reduced d r a s t i c a l l y  from 1966 to 1977. 
However, t h e  c a u s a t i v e  f a c t o r ( s )  f o r  t h e  r educ t ion  is  unknown. Except for 
the change in t h e  r edbreas t  s u n f i s h  popula t ion ,  spec ies  composition and 
community s t r u c t u r e  i n  t h e  Middle Patuxent River  remained s t a b l e  from 
The L i t t l e  Patuxent River  
The Piedmont Pla teau  Region 
S t a t i o n s  9 and 10 were loca ted  upstream from t h e  Ci ty  of Columbia. 
Only S t a t i o n  10 was sampled i n  1966. A t  t h i s  s t a t i o n  t h e  ave rage  spec ies  
d i v e r s i t y  and evenness ind ices  were 2.86 and 0.74 r e s p e c t i v e l y .  The former 
- 
cD 
VI 
S p e c i e s  Diversi  t y  Index 
Table 2. Species composition, species diversity and evenness of fish communities sampled in the Piedmont Plateau 
s e c t i o n  of the Little Patuxent  River, 1966 and 1977. 
Clinos  tomus fundulo ides  
Notropis  cornutus  
Notropis  procne 
Notropis  ana los tanus  
Etheostoma o lmsted i  
Rhinichthys a t r a t u l u s  
Semoti lus  c o r p o r a l i s  
Notropis  r u b e l l u s  
Exoglossum maxi l l ingua  
Catostomus comrnersoni 
Rhinichthys c a t a r a c t a e  
Nocomis micropogon 
Lepomis macrochirus  
Lepomis a u r i t u s  
Lcpomis gibbosus 
Hypentelium n i q r i c a n s  
Micropterus  dolomieui 
Semoti lus  a t romacula tus  
Micropterus  salmoides 
I c t a l u r u s  nebulosus 
Noturus i n s i g n i s  
Notropis  hudsonius 
Etheostoma vi t reum 
Notemigonus c ryso leucas  
Pe rc ina  p e l t a t a  
Angui l la  r o s t r a t a  
Legomis cyane l lu s  
Ambloplites r u p e s t r i s  
Perc ina  notogramma 
Year 
S t a t i o n  
Month 
- -- ~- - ~ .-----.--.-.-p.---p-p.p . - ~ ~ - .  - .- .~ 
Nwnber o f  i n d i v i d u a l s  964 414 426 490 1520 936 866 699 207 193 1096 578 707 650 766 667 
Number o f  s p e c i e s  12  18  18  15  14 12 14  1 3  15  15  1 8  1 3  14  11 1 8  17 
Species  d i v e r s i t y  index  (H) 2.73 3.00 2.98 3.12 2.72 2.33 2.90 2 . 8 1  2.66 1 . 3 1  2.41 2.08 2.53 2.19 2.66 2.63 
Evemess  ._.- _ index  (el _ 0.76 0.71 . _ ._ 0.71 .. . .  ._ 0.87 0 .71  _-- 0 .67  .___._..___._____- 0.76 0.76 0.68  0.34 0.58 0.56 0.66 0.64 0.54 0.64 . ----.p---.--,--p-p--... 
A 
- 
- 
1377 1366 
14 
J u l  
10 
Aug 
9 13  
Aug 
14  12 10 
Aug Sep Aug 
~ u g  Aug Sep 
11 
S ~ P  Aug Sep Aug 
12 
Sep Aug Sep 
index was not s i g n i f i c a n t l y  d i f f e r e n t  (P)0 .1)  from 2.89 i n  1977 (F ig .  3 ) .  
The evenness index i n  1977 a t  these  two s t a t i o n s  were 0.76 and 0.79 respec t ive ly ,  
which is f a i r l y  s i m i l a r  t o  t h a t  found a t  S t a t i o n  10 in 1966. The dominant 
species were C. funduloide .~ ,  N. procne, N. analostanus and 12. a t r a t u l u s  a t  
station 10 in both 1966 and 1977. - L. a u r i t u s  decreased whi le  g. c a t a r a c t a e  
and - N .  rubel lus  increased from 1966 t o  1977 (Table 2 ) .  Except f o r  t h e  
slight changes i n  some dominant species ,  t h e  f i s h  community s t r u c t u r e  and 
diversity i n  t h i s  upstream, clean water  s e c t i o n  o f  t h e  L i t t l e  Patuxent River I 
remained f a i r l y  s t a b l e  from 1966 t o  1977. 
S ta t ions  11, 12, 13 and 14 were located downstream from t h e  Ci ty  of  
Columbia. I n  1966 f i s h  c o l l e c t i o n s  were made a t  S t a t i o n s  12 and 14. A t  
these two s t a t i o n s ,  average species  d i v e r s i t y  index was 2.99 and 3.12 
respectively in 1966 and s i g n i f i c a n t l y  (P < 0.005) reduced t o  2.25 and 2.64 
respectively in  1977 (Fig.  3 ) .  The evenness ind ices  a l s o  decreased from 
0.71 and 0.87 i n  1966 t o  0.56 and 0.64 in  1977. A t  S t a t i o n s  11 and 13 
where f i s h  c o l l e c t i o n s  were made only i n  1977, the  spec ies  d i v e r s i t y  ind ices  
were 2.44 and 2.36 which were a s  low a s  those at  t h e  nearby S t a t i o n s  12 and 
14 and much lower than t h a t  a t  S t a t i o n  10 upstream from t h e  C i t y  o f  Columbia. 
In t h i s  sec t ion  of the  r i v e r ,  C. funduloides and g. a t r a t u l u s  which were 
common i n  1966 were almost absent in 1977, whi le  5. rnacrochirus and 
L.  gibbosus became common i n  1977. &. cyanellus which w a s  n o t  found in 
- 
1966 was found i n  1977. 
It is  evident t h a t  i n  t h e  sec t ion  of  the  L i t t l e  Patuxent  River a t  
Stat ions 11-14, f i s h  community d i v e r s i t y  and s t r u c t u r e  changed g r e a t l y  from 
1966 t o  1977, apparently a s  a r e s u l t  of the  development of the City  of Columbia. 
There a r e  no known po in t  source discharges of e i t h e r  domestic or  i n d u s t r i a l  
waste to  the  r i v e r .  However, th ick  growth of aqua t i c  weeds, reduct ion i n  spec ies  
Table  3 .  Spec l e s  compos i t i on ,  s p e c i e s  d i v e r s i t y ,  and cvcnncsn  o f  F i s h  communilfcs sampled i n  t h o  c o ~ s t a l  p l a i n  
s e c t i o n  oC t h e  L i t t l e  PRtuxcnt R ivc r ,  1966 and 1967. 
I--.."'-.--.-.---------.---- -..- . - .  ..' ..' . '.I- . . . - . ' . -. 
.'? ^------------.--^------~,.------  .-.-- .- 
Year j.766 ! 13G7 
-. 
s t a t i o n  1'1 15A ' 150  15C 21 22A 22U 24A , 
--
Month 
r t heos to ; ?a  vitreur.1 
Sthuustor!a o l n s t e i ' i  
Lepornis a u r i t u s  
--
Lepomis mac roch i ru s  
Lepor?is q ibbosue  
I ' e rc inn  p r l t a t a  
t lo turus  i n s i g n i s  
No tu r~ i s  g y r i n u s  
P f r c i n a  notogramma 
Esox amcr icanus  
Mic rop t e ru s  dolomieui  
Mic rop t e ru s  s a lmo ides  
rimbra pyqmaea 
Erimyzon oblongus  
Pe rcn  f l avc scens  
-
Moxostoma rnacrolepidoturn 
Morone amer icana  
I c t a l u r u s  n a r a l i s  - - - - - - - - - - - - - - - - -  2 - 1 - - - - - - - - - - - 
Cyprinus  c a r p i o  - - - - - - - 1 1 - - - - - - - - - - -  - - - - - - - - - - -  
Erie a can thus  g l o r i o s u s  - - - - - - - - - - - - - - - - - -  6 - - - - - - - - - - - -  
I r pomis  c y a n e l l u s  - - - - - - - - - - - - - - - - - - -  1 - - - - - - - - - - - 
- - - - - - - - - - - - - - - - - -  m o 4 e p u ~  sayanus  6 4 - - - - - - - - 
Number o f  i n d i v i d u a l s  911 740 900 629 718 476 297 14 1 8  103 202 342 865 2 0 38 80 177 86 109 825 324 368 882 588 488 67 261 99 21 18 
Number o f  s p e c i e s  18  18  17  15 15 1 5  15  5 6 17  16 11 1'; 1 o 10 9 1 3  19  1 6  17  11 10 12 13  9 11 13  11 7 5 
Spec i e s  d i v e r s i t y  i ndex  (zl2.66 2.08 7 .88  2 .  C4 2.87 2.82 2.77 1 .92  2.28 3.35 2 .88  1 .63  1.30 - - 2.83 2.56 2 .61  3 .80  3.48 2.30 2 .15  2.14 2.16 2.26 2.73 3.09 2.17 2 .33  2 .20  1.6R 
Evenness i ndex  ( c )  0 . 6 4 0 . 6 4 0 . 6 1 0 . 7 5 0 . 7 3 0 . 7 2 0 . 7 1 O . R 3 O . R 9 0 . 8 2 0 . 7 2 0 . 4 7 0 . ~ 4  - - 0 . 8 5 0 . 8 1 0 . 7 1 0 . g 1 0 . 8 7  ~ . ~ ~ 0 . 6 5 0 . G 5 0 . 6 0 0 . 6 1 0 . 8 6 0 . 8 9 0 . 6 3 0 . 6 7 0 . 7 8 0 . 7 2  
T a b l e  4.  S p e c i c s  c o m p o s i t i o n ,  s p e c i e s  d l v c r s i t y ,  a n d  e v e n n e s s  o f  f i s h  communi t i c s  s ampled  i n  t h e  C o a s t a l  P l a i n  
s e c t i o n  of t h c  L i t t l e  P a t u x c n t  R i v e r ,  1977.  
- --. . ----- - .- . . - -- - .- - - - .- . - .- .-.- . .. -- 
' Ycar  
-- 
1977 
S t a t  iotr 15A 1511 2 1 2 7 
----- -- ------ 
Month 
N o t r o p i s  a n a l o s t a n u s  76 3-61 .- - - - 3 7 1 - - - -  6  9 3  - - - - - - - - - - 
N o t r o p i s  p r o c n e  1 9  .. - - - - - 1 - - 2 - 1 1 6 3 - - 5 5 - - - - - -  
S e m o t i l u s  c o r p o r a l i s  40 5 1  - - - - 2 1 -  - 2 5  3 1 1 9 1 9 -  - 1 9  5 7 6  - - 7 3 -  
N o t r o p i s  c o r n u t u s  12.7 32 . .- - - - 1 1 4  - - - 4 - - - 6 - 1 1 - - - - 37 
N o t r o p i s  r u b e l l u s  41 ? . . - - - - - - - - - - 1 1 - - - - - - - - - -  
--
Catos tomus  commcrsoni. 1 3  :, .. .. - - - 1 2 8 1 - 6 7 2 0 6 - - 1 1 - - - - - -  
C l i n o s t o m u s  f u n d u l o i d e s  - 3 7  - .. - - - - 2 - - 5 9 3 - - - - 4 - - - - - -  
E theos toma  v i t r c u m  I - . . . . - - - - - - - - - - - - - - - - - - - - -  
E thcos toma  o l m s t e d i  ? 61 .. .- - - 1 4  9  5 - 6 1 0 1 8  ! I 1 7  2 1 0  7 2 0  4 1 0  - - 3 2 
Lcpomis m a c r o c h i r u s  3 10 .. .. - - 4 4 5 1 3  2 1 G  - ( 1  5 2 1  7 1 1  4 3 1 - 2 - - 
Lcpomis q ibbos r l s  ,- .- - - - - - 2 3 5 1 0 1 3 2 1 5 - -  3 1 1 - I - - -  
Exoqlossum s x i l l i n q u a  , 1 - - . - - 1 2 2 - - - 1 1 2 - 1 - 1 2 - - - - -  
Nocomis micropoyon 
A n g u i l l a  r o s t r a t a  7  4 .- .- - - - 4 4 - - 1 2 - 1 2 9 1 9 1 1 7  3 1 1 8 4  
Notemigonus  c r y s o l c u c a s  . . .- - . . . . - - - 1 - - 7 - 7 2 - - 4 - - 4 - - - -  
R h i n i c h t h y s  a t r a t d l u s  6 2 0  - - - - 2 6  2 2 3  - 1 1 1 4  1 2 2  3 - 1 3  - 8 8 - 6 - - 2 
R h i n i c h t h y s  c a t a r a c t a e  20 1 3  - -- .- - 0 7 1 - - 1 2 8 - 4 - -  6  - - - - - - - 
H y p f n t e l i  um n i q r i c a n s  
I c t a l u r u s  n c b u l o s u s  . . - . . . . - - - 3 1 - - -  ? I - - - - - - - - - - -  
N o t r o l > i s  h u d s o n i u s  - -  I - - - - - - - - - - -  6 1 - - -  
S c m o t i l u s  a t r o m a c u l a t u s  - - - - - -  1 3 5 9 - - 1 - 3 5 - - - -  4 1 2 - - -  
P e r c i n a  p e l t a t a  
Esox  a m c r i c a n u s  . .. 2 - - - - - -  
M i c r o p t c r u s  d o l o m i c u i  7 - - - - - - - 4 - - - - - - - - - - - - - - - -  
M i c r o p t e r u s  s a l m o i d c s  I - - - - - -  1 1 - 1 - 1 5 3 - - -  2  1 - - - - 1 
Umbra pygnaea  - - - - - - - 7 - - - - - - - - - - - - - - - - -  
Morone a m e r i c a n a  - - - - - - - - - - - -  1 - - - - - - - - 3 1 - 1  
E n n c a c a n t h ~ s  y l o r i o s u s  - .  - - - - - - - - -  1 3 - - - - - 1 - - - -  
~ y b o g n a t h u s  n u c h a l i s  
-
Lcpomis c y a n e l l u s  - - - - - - - - - I - - - - - - - - - - - - - -  
Fundu lus  h r t e r o c l i t u s  . .- - - - - - - - - - - -  3 - - - - - - - - - - -  
T c t a l u r u s  c a t u s  - - - - - - - - - - - -  I - - - - - - - - - -  
---
Notu rus  q y r i n u s  - - - - - - - - - - - - -  I - - - - - - - - - -  
-- 
- -- - - - - - - - -- - -- - - - -. - - 
Number o f  i n d i v i d u a l s  396 A87 0 0 0 0  56 1 3 6  222 1 3  3 8  77 6 3  231 255 9 32 5 5  7 1  42 36 16  1 4  8 3  47 
Number o f  s p e c i e s  1 9 1 5  0  0  0  0  7 ' 1 5 1 9  3  7 1 1 1 3 1 9 1 ?  2  6  9 1 2 1 0  8  6 3 3 6 
s p e c i e s  d i v e r s i t y  i n d e x  (ri) 3 . 0 1  2 .76  - - - - 2.07 2 . 8 7  3 .11  . 9 3  2 .11  3 .19  3.13 2 . 7 1  2 .84 . 7 6  1 . 9 7  2 . 7 1  2 .88 2 . 9 1  2 .62 2.32 . 9 5  .62  1 . 2 0  
Evennes s  i n d e x  ( e )  . 72 . 76  .- - - . 7 4  . 7 3  . 7 3  . 6 3  . 7 5  . 92  . 8 5  . 64  .69  .76 . 7 7  .8G .80 . 8 7  . 87  .90  . 60  .39 . 46  

d i v e r s i t y  and evenness of t h e  f i s h  community, an  inc rease  in t h e  p o l l u t i o n  
t o l e r a n t  sun f i sh  popu la t ions ,  and a reduct ion  i n  t h e  p o l l u t i o n  s e n s i t i v e  
minnow popula t ions  suggest  t h e  occurrence of organic  enrichment in t h i s  
s e c t i o n  o f  t h e  r i v e r .  
The Coas ta l  P l a i n  Region 
The s p e c i e s  composition, s p e c i e s  d i v e r s i t y  i n d i c e s  and evenness i n d i c e s  
a t  t h e  13 s t a t i o n s  s t u d i e d  i n  1966-67 and 1977 a r e  shown i n  Tables  3 and 4 .  
The average s p e c i e s  d i v e r s i t y  ind ices  f o r  1966 and 1977 a r e  compared i n  
F ig .  4 .  
I n  1977 a t  S t a t i o n  15A loca ted  immediately above t h e  Savage Sewage 
Treatment P l a n t  o u t f a l l ,  t h e  average spec ie s  d i v e r s i t y  index was 2.98, 
which is  no t  s i g n i f i c a n t l y  d i f f e r e n t  (P>0 .1 )  from t h e  index of  2.66 in 
1966 and t h e  index of  2.64 a t  t h e  upstream S t a t i o n  14 i n  1977. The even- 
ness  ind ices  ranged between 0.64 and 0.74, which a r e  s i m i l a r  between 1966 
and 1977. For both y e a r s  t h e  dominant spec ie s  were N. cornu tus ,  N. r u b e l l u s ,  
N. ana los tanus ,  g. procne ,  R. a t r a t u l u s ,  &. c a t a r a c t a e ,  5. c o r p o r a l i s  and 
- 
C .  cornmersoni, a s  i n  t h e  Piedmont P la t eau  s e c t i o n  of  t he  L i t t l e  Patuxent 
- 
River .  Etheostoma v i t reum (g lassy  d a r t e r )  which was common in 1966 and 
1967 became ve ry  r a r e  i n  1977. I n  gene ra l ,  t h e  f i s h  community a t  S t a t i o n  1 5 A  
remained f a i r l y  s t a b l e  from 1966 t o  1977. 
S t a t i o n s  15B,  15C, 21  and 22A were a l l  loca ted  i n  t h e  5 m i l e  sec t ion  
o f  t h e  r i v e r  downstream from t h e  Savage Sewage Treatment P l a n t  o u t f a l l .  
I n  1966 t h e  average spec ie s  d i v e r s i t y  and evenness i n d i c e s  f o r  t h e  fou r  
s t a t i o n s  ranged between 2.77 and 2.88, and 0.61 and 0.75 r e spec t ive ly .  
These ind ices  were s i m i l a r  t o  those  a t  S t a t i o n  15A loca ted  immediately 
upstream from t h e  o u t f a l l  f o r  both 1966 and 1977. The dominant spec ie s  
were a l so  s imilar  t o  those a t  S ta t ion  15A. I n  1977 no f i s h  were found a t  
Stations 15B and 15C. Farther downstream the species d ivers i ty  index 
increased t o  2.47 a t  S ta t ion  21 and to  3.03 a t  S t a t i on  22A. These two 
index values were not signir ' icantly d i f fe ren t  (P) 0.2 and 0.4) from those 
in  1966. The evenness index a l so  increased t o  0.71 and 0.74 a t  t h e  two 
s ta t ions .  A t  these two recovery s t a t i ons ,  11. a t r a t u l u s ,  &. ca ta rac tae  and 
E. olmstediwere s t i l l  dominant in 1977 as  in 1966, and two species  of t he  
- 
pol lut ion to le ran t  sunfishes, 5. macrochirus and E. pibbosus, a l s o  
became dominant. 
I n  1966 no detrimental e f fec t  on the f i s h  community i n  t h e  L i t t l e  
Patuxeat River was observed due t o  the  e f f luen t  discharged from the  
Savage Treatment Plant .  However, s ince the  sewage flow has increased 
grea t ly ,  in 1977 no f i s h  were taken a t  S ta t ions  1 5 B  and 15C. This sect ion 
of  the  L i t t l e  Patuxent River has become biological ly  impoverished. 
Stat ions  22B, 23 and 24A were located downstream from t h e  Fort:Meade 
No. 2 Sewage Treatment Plant ou t f a l l .  In 1966 a t  S t a t i on  22B which was 
located immediately downstream from the o u t f a l l ,  the adverse e f f ec t s  of the 
p l an t  e f f luen t  were evident. The species d ive r s i t y  and evenness indices 
were 2.10 and 0.86, respectively,  much lower than those a t  S t a t ion  22A 
immediately upstream from the o u t f a l l .  &. machrochirus and L. gibbosus 
were the common resident  species a t  t h i s  s t a t i on ,  Far ther  downstream t h e  
species d ivers i ty  and evenness indices improved t o  3.17 and 0.79 a t  S ta t ion  23 
and then decreased t o  1.47 and 0.41 a t  Stat ion 24A-  N. procne and N. analo- 
stanus became dominant a t  these two s t a t i ons .  I n  1977 the  same trend of 
f i sh  d i s t r ibu t ion  was observed. The species d ive r s i t y  indices a t  the 
three s ta t ions  (22B, 23 and 24A) were 1.50, 3.17 and 1.77 respect ively,  
s 
evenness ind ices  ranged between 0.34 and 0.69. The dominant s p e c i e s  were 
also s i m i l a r  f o r  bo th  y e a r s ,  except  S .  c o r p o r a l i s  which was a l s o  dominant 
in 1977 a t  S t a t i o n s  23 and 24A. I n  t h i s  s e c t i o n  o f  t h e  L i t t l e  Patuxent  
River, f i s h  d i v e r s i t y  and community s t r u c t u r e  remained almost  unchanged 
from 1966 t o  1977. However, a s l i g h t  change i n  dominant s p e c i e s  was observed.  
S t a t i o n  24B, 25 and 26A were loca ted  downstream from t h e  F o r t  Meade 
No. 1 Sewage Treatment P l a n t  o u t f a l l .  I n  1966 t h e  de t r imen ta l  e f f e c t  was  
observed a t  S t a t i o n  24B, t h e  a r e a  immediately downstream from t h e  o u t f a l l ,  
No f i s h  were taken  a t  t h i s  s t a t i o n .  F a r t h e r  downstream t h e  d i v e r s i t y  index  
increased t o  2.83 a t  S t a t i o n  25 and 2.59 a t  S t a t i o n  26A, b u t  t h e  number of 
f i sh  c o l l e c t e d  was low. I n  1977 t h e  same l o n g i t u d i n a l  d i s t r i b u t i o n  o f  
species d i v e r s i t y  i n d i c e s  was observed. The index increased  t o  1.37 a t  
Sta t ion  24B, bu t  it remained a t  2.80 a t  S t a t i o n  25 and 2.77 a t  S t a t i o n  26A. 
No s i g n i f i c a n t  d i f f e r e n c e  ( P ( 0 . 1  and 0.2, r e s p e c t i v e l y )  was observed in t h e  d i v e r s i  
indices between 1966 and 1977. For both y e a r s ,  t h e  evenness i n d i c e s  a t  
the t h r e e  s t a t i o n s  ranged between 0.71 and 0.87. The dominant s p e c i e s  
were g. ana los t anus ,  N. procne  and 5. c o r p o r a l i s  i n  1966, b u t  5. c o r p o r a l i s  
and g .  o lms ted i  i n  1977. A s  was t h e  c a s e  i n  t h e  s e c t i o n  o f  t h e  s tream 
below t h e  F o r t  Meade No. 2 P l a n t  o u t f a l l ,  t h e  f i s h  community s t r u c t u r e  and 
d ive r s i ty  remained r e l a t i v e l y  s t a b l e  from 1966 t o  1977 f o r  t h i s  s e c t i o n  o f  
the  L i t t l e  Patuxknt River .  
S t a t ions26Band  27 were loca ted  downstream from t h e  Patuxent-Crofton 
Sewage Treatment P l a n t  o u t f a l l .  I n  1966 f i s h  sampling was conducted o n l y  
a t  S t a t i o n  27. The s p e c i e s  d i v e r s i t y  index o f  3.64 and t h e  evenness index  
of 0.89 a t  t h i s  s t a t i o n  suggested a h igh  d i v e r s i t y  i n  t h e  f i s h  community. 
In 1977 t h e  d i v e r s i t y  index decreased t o  0.91, s i g n i f i c a n t l y  d i f f e r e n t  
(P(0.05) from t h a t  in 1966. The evenness index a l s o  dec reased  from 0.89 
in 1966 t o  0.43  in  1977. Evidently t h i s  downstream s e c t i o n  o f  t h e  L i t t l e  
Patuxent River h a  s  d e t e r i o r a t e d  a s  a  r e s u l t  of  t h e  e f f l u e n t  discharged 
from the  Patuxent-Crof t o n  P l a n t .  
Hammond Branch 
The Maryland-Virginia Milk Producer Assoc ia t ion ' s  Waste Treatment P l a n t  
ou t f a l l  i s  loca ted  immediately downstream from S t a t i o n  16 and about  f o u r  
miles upstream from S t a t i o n  17.  I n  1966 no f i s h  c o l l e c t i o n  was made i n  
Hammond Branch. I n  1977 t h e  spec ie s  d i v e r s i t y  and evenness i n d i c e s  
averaged 2.89 and 0.79, r e s p e c t i v e l y ,  a t  S t a t i o n  17, and 2.32 and 0.66 at 
Stat ion 16 (Table 5) .  A t o t a l  of 23 spec ie s  o f  f i s h  were c o l l e c t e d  at  t h e  
two s t a t i o n s .  Of them E. olmstedi ,  R. a t r a t u l u s ,  - R. c a t r a c t a e ,  S .  c o r p o r a l i s  
and N. procne were comnon a t  both s t a t i o n s .  E. maxi l l ingua ,  C. commersoni, 
N .  r ube l lus  and L. macrochirus were predominant a t  S t a t i o n  16,  whi le  
- 
N. analostanus and N. cornutus  were common a t  S t a t i o n  17. N o  d e t r i m e n t a l  
- 
e f fec t s  of t h e  d i scha rge  from t h e  Maryland-Virginia Milk Producer  Assoc ia t ion ' s  
Waste Treatment P l a n t  e f f l u e n t  on t h e  f i s h  community i n  Hammond Branch could 
be determined i n  t h i s  s tudy.  
Dorsey Run 
The Maryland House of  C o r r e c t i o n ' s  Sewage Treatment P l a n t  o u t f a l l  is 
located about one m i l e  downstream from S t a t i o n  18  and a q u a r t e r  mi l e  up- 
stream from S t a t i o n  19 .  A t  t h e s e  two s t a t i o n s  f i s h  c o l l e c t i o n s  were made 
in both 1966 and 1977. A t  upstream S t a t i o n  1 8  t h e  spec ie s  d i v e r s i t y  i n d i c e s  
averaged 2.69 i n  1977, no t  s i g n i f i c a n t l y  d i f f e r e n t  from 2.90 in 1966. The 
evenness ind ices  were 0.72 and 0.74, r e s p e c t i v e l y .  - R.  a t r a t u l u s ,  
Table 5. Species composition, species diversity, and evenness 
of fish communities sampled in Hammond Branch, 1977. 
Station 16 17 
Month sep ~ u g  I ~ e p  
Etheostoma olmstedi 
Rhinichthys atratulus 
Rhinichthys cataractae 
Semotilus corporalis 
Notropis procne 
Clinostomus funduloides 
Semotilus atromaculatus 
Exoglossum maxillingua 
Erimyzon oblongus 
Notropis rubellus 
Lepomis macrochirus 
Catostomus commersoni 
Lepomis auritus 
Notropis cornutus 
Notropis analostanus 
Notemigonus cxrysoleucas 
Nocomis nicropogon 
Micropterus salmoides 
Anguilla rostrata 
Lepomis gibbosus 
Hypentelium nigricans 
Noturus insignis 
--
Number of individuals 
Number of species 
Species diversity index (HI 
Evenness index (e) 
Rhinichthys a t r a t u l u s  
Catostomus commersoni 
F&le 6 .  s p e c i e s  compos i t ion ,  s p e c i e s  d i v e r s i t y ,  and evenness  o f  f i s h  
communities sampled i n  t h e  Dorsey Run, 1966 and 1977. 
Lepomis macrochirus 
Clinostomus f u n d u l o i d e s  
- 
Semotilus c o r p o r a l i s  
Etheostoma o l m s t e d i  
1966 
; Notropis cornu tus  
, -- 
; Notropis procne 
~otemigonus c r y s o l e u c a s  
Rhinichthys c a t a r a c t a e  
Ictalurus nebulosus  
Lepomis c y a n e l l u s  
< -
Micropterus sa lmoides  
Anguilla r o s t r a t a  
Notropis a n a l o s t i i u s  
Umbra pyqnaea 
- 
Etheostoma v i  treum 
--
Notropis r u b e l l u s  
Semotilus- a t r o m a c u l a t u s  
~epomis gibbosus  
Cyprinus c a r p i o  
18 
J U ~  I ~ u g  
1977 
Number of i n d i v i d u a l s  464 502 2 263  317 0 2 25 37 
Number of s p e c i e s  1 4  16  1 1 4  1 3  0 1 8  6 
Species d i v e r s i t y  i n d e x  (H) 2 .81  2.99 - 2.85 2.52 - - 2.63 2.10 
Evenness index  ( e l  
- 7 4  - 7 5  - - 7 5  - 6 8  - - -88 -81 
1 9  
J U ~  
18 
~ u g  I Sep 
1 9  I 20 
~ u g  I Sep 1 ~ u g  I Sep 
C .  comrnersoni and E. o lmstedi  were common i n  both  y e a r s .  N. analos tanus ,  
- 
N .  cornutus,  N. procne and g. c a t a r a c t a e  were common i n  1966 b u t  became 
- 
r a re  o r  absent  i n  1977. I n  c o n t r a s t ,  N. r u b e l l u s  and 2. c o r p o r a l i s  which 
were not  found o r  r a r e  in 1966 became common i n  1977. A t  t h i s  c lean  water  
s t a r ion ,  al though t h e  f i s h  community d i v e r s i t y  remained f a i r l y  s t a b l e  from 
1966 t o  1977, a  g r e a t  s h i f t  i n  dominant spec ies  i n  t h e  f i s h  community w a s  
observed. 
A t  S t a t i o n  19 only two specimens of Umbra pygmaea ( e a s t e r n  mudminnow) 
were taken i n  1966 and two specimens of  R. a t r a t u l u s  were t aken  i n  1977. 
Farther  downstream a t  S t a t i o n  20, t h e  s p e c i e s  d i v e r s i t y  and evenness 
indices increased t o  2-37 and 0.85, r e spec t ive ly  i n  1977 from S t a t i o n  19, b u t  i n  numb 
of f i s h  c o l l e c t e d  was s t i l l  extremely low. 2. c o r p o r a l i s  and R. a t r a t u l u s  
were common a t  t h i s  s t a t i o n .  The adverse  e f f e c t s  o f  the e f f l u e n t  d i s -  
charged from t h e  Maryland House of Cor rec t ion ' s  Sewage Treatment  P l a n t  on 
the  f i s h  community i n  Dorsey Run was evident  in 1966 and remained s o  i n  1977. 
The Patuxent River 
The Piedmont Pla teau  Region 
S t a t i o n s  28 - 32 were loca ted  upstream from t h e  T r i a d e l p h i a  Reservoi r .  
Of them S t a t i o n s  3 1  and 32 were sampled i n  bo th  1966 and 1977 and S t a t i o n s  
28, 29 and 30 were sampled only i n  1977. A t  t h e  former two s t a t i o n s ,  t h e  
species  d i v e r s i t y  ind ices  averaged 2.77 a t  S t a t i o n  31 and 2.85 a t  S t a t i o n  
32 i n  1977. They were n o t  s i g n i f i c a n t l y  d i f f e r e n t  (P )0 .1  and 0.2) from 
2.47 and 3.11, r e s p e c t i v e l y ,  a t  t h e  two s t a t i o n s  in 1966 (F ig .  5 ) .  The 
evenness ind ices  were f a i r l y  s i m i l a r  between t h e  two y e a r s ,  ranging between 
0.73 and 0.80 i n  1977 and 0.61 and 0.88 i n  1966. A t  t h e  l a t t e r  t h r e e  
s t a t i o n s ,  t h e  average spec ies  d i v e r s i t y  index was s l i g h t l y  lower than those  

Table  7. s p e c i e s  c o m p o s i t ~ o n s ,  species d i v e r s i t y ,  and evcnncss  o f  f i s h  communities sampled 
i n  the Piedmont P l a t e a u  s e c t i o n  of t h e  Pa tuxen t  River ,  19G6 and 1977. 
Cl inos tomus fundu lo ide s  
No t rop i s  c o r n u t u s  
--
S n l n ~ o  o n i  I-.irr-ni &.-. 
!:nlmo Lru1l .a  
-- - .-- . 
Salvclinu:;  f o n t i n o l i s  
-- - - - - -- -. . - - - 
M i c r o l ~ t c r u s  dolomicui  
Noturus i n s i q n i s  
--- -- 
Pornoxis n i r ~ r o r n a c ~ i l a t u s  
--A --.- 
A?%illa t o s t r a t a  
- -  -- 
Esox a m e r i c a ~ ~ t ~ s  
-- -- 
Esox l u c i u s  
-- 
-. - - 
Cyprinds cJrpio 
Notcmioonus c r y s c l e u c a s  
A < .  , 
~ r y n y i o n  oblonqus  
I c t a l u r u s  catus 
I c t a l u l -u s  ncb!.rlosus 
Lepornis c v a n c l l u s  
P e r c i n a  notogrnrnma 
Oundulus d i ephenus  
ilybognatllus n u c h o l i s  
Moxostoma rnacrolepidotum 
Lepornis a u r i t u s  
S t a t i o n  :t 1 2 8 1 29 30 1 31 / 32 1 33 1 34 [ 35 
Number o f  i n d ~ v i d i ~ a l s  1.48 971 33 44 36G 275 475 538 257 161 391 467 370 403 763 716 330 378 111 167 56 113 404 348 105 'JR 38.1 219 
Number of  s p e c i e s  - lo 15 11 11 14 1 3  1 3  16 16 12 18 16 1 6  14  16 14 1 3  14 1 3  11 1 3  1 3  19  16 14  R 7 6 
S p c c i c s  diversity index (11) 2-51 2 . 3 4  3.17 3.05 1.89 1 .42  3.10 3.01 2.G2 1 .94  2.80 2 .18  2 .85  1 .67  2.10 2.32 2 .76  2 .?8  2.95 2.75 3.20 3.19 3.31 3.15 2.94 2.30 2.44 2.04 
Evenness i n d c ~  (e)  0.76 0 .61  0.92 0.88 0 .50  0 .30  0 . 8 4  0.95 0.66 0 .54  0 .67  0 .51  0 .71  0.14 0 .52  0 .63  0 .75  0 .73  0.nO 0.77 0.87 0.87 0.7G 0.7'> 0 .77  0.77 0.87 0 .77  
Mcn t h  I Jun I Aug ( Jun  ( Jun I Jurl ( J u l  I Ju!, / Aug 1 7.uq I Jun  
32 3 3 36 
- 
Aug 1 Sep j Aug ) Sap ) Aug ) Sep I Aug / Sep 1 Aug 1 Sep ] Auq ( Sep ( Aug ( Sep I Aug I Sep I Aug I SCp / 
34 35 36 
a t  S ta t ions  3 1  and 32; 2.49 a t  S t a t i o n  28, 2.75 a t  S t a t i o n  29 and 2.26 a t  
F Station 30. Apparent ly,  t h i s  i s  due t o  a n a t u r a l l y  r e s t r i c t e d  fauna i n  t h e  j 
lower stream order  of t h e  upstream t h r e e  s t a t i o n s .  The dominant spec ie s  
were g. cornutus,  R. a t r a t u l u s ,  C. funduloides,  2. c o r p o r a l i s  and E .  maxi l l i ngua .  
Campostoma anomalum ( s t o n e r o l l e r )  occurred only  i n  t h e  Piedmont s e c t i o n  o f  
the Patuxent River .  N. r u b e l l u s  was not  taken i n  1966 a t  S t a t i o n s  3 1  and 
32, but became abundant i n  1977. C. funduloides which was common a t  S t a t i o n  
31 became r a r e  i n  1977. Two spec ie s  of  t r o u t ,  Salmo g a i r d n e r i  (rainbow t r o u t )  
and Salmo trutta (brown t r o u t )  were found a t  S t a t i o n s  28 and 29 i n  1977. They 
were stocked i n  r ecen t  y e a r s  by t h e  Maryland S t a t e  F i s h e r i e s  Adminis t ra t ion .  
S t a t i o n s  33 and 35 were loca ted  downstream from t h e  Tr i ade lph ia  Rese rvo i r .  
A t  S t a t i o n  33  immediately downstream from t h e  r e s e r v o i r ,  t h e  s p e c i e s  d i v e r s i t y  
index a v e r a g d l . 6 6  i n  1966 and increased  s i g n i f i c a n t l y  (P<0.05)  t o  3.20 
in 1977. The index was 2.62 f o r  t h e  two y e a r s  a t  S t a t i o n  35.  - N .  a n a l o s t a n u s ,  
N. procne and g. a t r a t u l u s  which a r e  r i f f l e  dwell ing s p e c i e s  were dominant 
- 
a t  S t a t i o n  33,  b u t  L. gibbosus ,  &. macroshirus and N. hudsonius which a r e  
pool  dwelling s p e c i e s  were dominant a t  S t a t i o n  35.  C. fundulo ides ,  
N.  cornutus, E. maxi l l ingua  and C. anomalum which a r e  a l s o  r i f f l e  dwell ing 
- 
species were e i t h e r  absen t  o r  ve ry  r a r e  a t  t h e s e  two s t a t i o n s  which c o n t a i n  
r i f f l e s .  
S t a t i o n  34 was loca ted  on t h e  Hawling River ,  a t r i b u t a r y  which j o i n s  
the main stem of  t h e  Patuxent  River between S t a t i o n  33 and S t a t i o n  35. The 
f i sh  comn~unity a t  t h i s  s t a t i o n  was appa ren t ly  no t  inf luenced  by t h e  r e s e r v o i r s .  
The spec ies  d i v e r s i t y  index a t  t h i s  s t a t i o n  was 3.06 i n  1966 and 3.23 i n  1977,  
no s i g n i f i c a n t  d i f f e r n c e  ( P >  0 - 2 )  . for  t h e  two y e a r s .  The evenness index 
was 0.79 i n  1966 and 0.90 i n  1977. The dominant spec ie s  were C. fundulo ides ,  
N.  procne, N. cornutus,  N. analostanus,  R. a t r a t u l u s ,  C. commersoni, and 
- 
R .  catractae.  These species represent  a combination of the  dominant spec ies  
L - 
i 
i in the main stem of the  Patuxent River above and below the  Tr iadelphia  
Reservoir and a r e  f a i r l y  s imi lar  t o  those in  the  Middle Patuxent River. Perhaps 
the f i s h  community s t r uc tu r e  a t  t h i s  sect ion of the Hawling River represen t s  
the natura l  community of f i s h  i n  t he  Piedmont sec t ion  of t h e  Patuxent River  
where the re  i s  no influence of rese rvo i r s .  
S ta t ion  36 was located downstream from t h e  T .  Howard Duckett Reservoir .  The 
species d ive r s i t y  index increased s l i g h t l y  but  not  s i g n i f i c a n t l y  (2 > 0.2) 
from 1.94 i n  1966 t o  2.24 i n  1977. g. a t r a t u l u s ,  g. ca t r ac t ae ,  C. commersoni 
and - S .  atramaculatus were common f o r  1966 and 1977. 
The Coastal P la in  Region 
In 1966 the re  were f i v e  sewage treatment p l a n t s  located i n  the  Coasta l  
Plain sec t ion  of the  Patuxent River. Recently two more p l a n t s ,  Horsepen 
and Patuxent Wi ld l i fe  Research Center, were added, so t h a t  i n  1977 the re  
were seven p l a n t s  discharging t h e i r  e f f l uen t s  i n t o  t h e  r i v e r .  
The species composition, species  d ive r s i t y  index, and evenness index 
of the f i s h  communities a t  S ta t ions  37 - 47 i n  1966-67 and 1977 a r e  
respectively shown i n  Tables 8 and 9.  Average species  d i v e r s i t y  indices 
are compared between 1966 and 1977 i n  Fig.  6. 
A t  S t a t i ons  37 and 38A, upstream of the  Haryland City Sewage Treatment 
Plant o u t f a l l ,  the  average species d ive r s i t y  index was respec t ive ly  2.41 and 
1.68 i n  1966 and 1.84 and 2.03 i n  1977. The indices  were n o t  s i gn i f i c an t l y  
d i f f e r en t  (P)  0.1 and 0.4) a t  the  two s t a t i ons  between t h e  two years .  The 
evenness indices  ranged between 0.54 and 0.73 i n  1966 and 0.45 and 0.72 i n  
1977. The dominant . species  a t  these two s t a t i o n s  were 5. commersoni, 
Table 9. S p c c i e s  compos i t ion ,  s p c c i c s  d i v c r . s i t y ,  and cvcnness  o f  f i s h  communi t ies  sampled i n  t h e  C o a s t a l  p l a i n  
s e c t i o n  of t h e  P a t u x e n t  River i n  1966 and 1967. 
A n g u i l l a  r o s t r a t a  
Notemigonus c r y s o l e u c a s  
Lepomis q i b b o s u s  
Catos tomus commersoni 
Etheostoma olrnstecli  
Lepomis m a c r o c h i r u s  
Esox a m e r i c a n i ~ s  
I c t a l u r u s  n e b u l o s u s  
S e m o t i l u s  c o r p o r a l i s  
Umbra pygrnaea 
R h i n i c h t h y ~  c a r a r a c t a c  
Enncacanthus  g l o r i o s u s  
C l i n o s  t o n u s  f u n d u l ~ ~ i d e s  
N o t r o p i s  proc!nc 
RJ~ in ich t l ty s  a t r a t u l u s  
Erimyzon ob lonqus  
Ethcostoma v i  t reum 
P e r c a  f l a v e s c c n s  
Aphrcdderus  sayanus  
Year 1966 
Esox n i g c r  
Cyrp inus  c a r p i o  
N o t r o p i s  a n a l o s t a n u s  
1967 I 
N o t r o p i s  hudson ius  
N o t r o p i s  c o r n u t u s  
47 
Jul 1 A"g 
3 7 
J, Aug 
Number oE i h ~ l i v i i l ~ l a l s  62 129 38 77 2 57 31 27 9  7  125 131  86  53  262 220 11 8 136 233 174  1 0 4  
?:umber o f  s p e c i e s  - 8 1 1 5 8 2 5 7 7 4 4 1 4 1 1 7 8 1 0 1 3 6 3 5 7 ~ 0 8  
Spc,zieS d i - ~ e r s ~ t y  i n d e x  (H) 2 .30  2.52 1 .25 1 .99  1 1 .12  2 .35 2.40 1 .75 1 .84 2.86 1 - 8 0  1 .05  2 .16 1 .42  2 .33 2.37 1 . 5 6  1 . 0 1  1-54 1 -95  1 - 9 9  
E v c n n e ~ s  i n d e x  ( e )  . 7 7  .73  - 5 4  . G 6 1 . 0 0  . 4 R  - 8 4  .86 .R0 .92 .75 .70 .66 .72 - 4 3  .63 . 9 2  .99  . 4 4  - 5 5  - 5 9  - 6 6  
46 
Jun Jun 
44 
J u l  1 Aug 
S t a t i o n  
----- -. 
M o ~ t h  
46 
Jun 1 A"g 
3 RA 
Jun 1 Aug 
3 7 
Jun 1 nug 
3 0 0  
J u n  1 Aug 
4 3  
Jun ] Jun 
4  0  
Jun / Aug 
4 1 
Jun 1 Aug 
Tablc 9 .  Spec i e s  composi t ion ,  s p c c i c s  diversity, and cvcnncss  o f  f i s h  communities i n  t h e  Coas t a l  P l a i n  
s e c t i o n  o f  t h e  Pa tuxen t  River ,  1977. 
S t a t i o n  37 1 38A I 38B 1 39 1 40 1 41 1 43 1 44 1 45 1 46 1 47 1 
- - I I I I 
Month A U ~  I ~ e p  I A U ~  I sep I iiug I ~ e p  I A U ~  I s e p  I iiug I s e p  I A U ~  I s e p  A U ~  I ~ e p  i aug / Sep I iiug I sep i Aug I seP I bug I Sep 
Angu i l l a  r o s t r a t a  7 - 4 4 7 3 6 5 1 0  - 6 7 6 2 1 2 1 1 8 1 7 1 1  4 5 8 7 
Lepomis q ibbosus  1 - - 3 - -  - 1 2 8 - 1 - 2 1 -  - 1 - 4 2 1  
Catostornus commersoni 6 5 4 6 2 4 1 5 2 - 1 -  - - -  1 1 - 4 - 1 1 -  
Etheostoma o lms ted i  135 201 65 50 28 31 64 35 25 22 - 3 9 1 5  21 37 26 39 23 37 3 3 
Lepomis rnacrochirus - 2 4 2 1 - 2 1 1 - 1 - 1 1 3 - 6 2 2 - 5 6  
Semot i lus  c o r p o r a l i s  1 2 2 4 3  - 1 2  4 9 2 4 - - - 8 6 12 86 59 94 97 136 121 - - 
Rhinichthys  a t r a t u l u s  5 2 1 1 0 1 8  - 1 - - - - - - . -  2 - 1 6 6 - 3 - -  
Rhinichthys  c a t a r a c t a e  6 3 - 6 -  - - - - I - - - -  - - 1 - - - - - 
Clinostomus fundu lo ides  - - - - - - - - - I - -  1 - - 1 14 6 24 47 - - 
Notropis  procne  2 6 - - - - - - 2 -  - - - - - - - 9 8 110 - - 
Notemigonus c ryso leucas  - - - - 1 3 -  - - - - - - 1 -  - - - - - 94 98 
Semoti l u s  a t romacu la tus  2 7 3 7 -  - - - - - - - - - - 1 - - - - - - - 
Esox americanus - - - 2 - - .  - - - 1 -  - - - 4 - -  - 2 - -  1 
Erimyzon oblongus - 1 -  - - - - - - - - - - - - - - - - - 1 1  
Exoglosswn max i l l i ngua  - - - - - - - - - I - -  - - - - - - - I - -  
Campostoma anomalum - - - - - - 2 -  - - - - - - - - - - - - - - 
Esox nigcr - - - - - - - - - - - - - - - - 
- 1 - 1 -  - - 
Notropis  ana los t anus  - - - - -  - - - - - - - - - 3 - 3 - -  
- 1 - 
N o t r o p l s  hudsonius  - - - - - - - - - - - - - - 
- 2 - - - - - - 51 
Micropterus  sa lmoidcs  - - -  - - - - 1 -  - - - - - - - 2 - - - 1 2  
Umbra pygmaea - - - -  - - - - - - - - - - - - - -  1 - -  1 
Not rop i s  co rnu tus  - 2 1 5 -  - - 1 - 1 -  - - - - 1 - 1 - 1 -  - 
Noturus i n s i g n i s  - 1 -  - - - - - - .- - - - - - - - - - - - - 
Enneacanthus g l o r i o s u s  - - - 1 - - - - - - - - - - - - - I - -  - 1 
I c t a l u r u s  nebulosus  - - - - - - 1 -  - - - - - - - - -  - - - 4 - 
Pomoxis a n n u l a r i s  - - - - -  - - I - - -  - - - - - - - - - - - 
Notropis  r u b c l l u s  - - - - - - - - - - - - - - - -  - - - 2 1 -  
I c t a l u r u s  catus - - - - - - - - - - - - - - - - - - - - - 2 
Aphredalerus sayanus  - - - - - - - - - - - - - - - - - - - 
- 1 -  
Noturus g y r i n u s  - - - - - - - - - - - - - - - - - - 1 - -  - 
Number o f  I n d i v i d u a l s  370 287 97 105 46 48 83 53 40 36 7 19 23 55 138 118 166 180 202 333 140 174 
Number o f  s p e c i e s  9 1 1  7 1 1  7 6 8 1 0  5 8 2 4 5 8 8 7 8 1 2 1 0 1 1 1 0 1 2  
Species  d i v e r s i t y  index (z 2 - 1 3  1 .54  1 .69 2.47 1.82 1.60 1.35 1.90 1 .49 1 .78 . 5 3  1 .70  1 .93 2.18 1 .67 1 .67 1.99 2.17 1 .65 2.17 1 .71  1.84 
Evenness i ndex  ( e )  .67 .45 .60  . 7 1  .65  .62  .45  .57 .64  .59 .59 .85 .83 .73 .56 .59 .66 .60 .50 .63 . 5 1  .50 
(P S p e c i e s  D ivers i ty  Index 
ul 
m * a l  : 
I). 4 0 
E .  o lmstedi ,  and &. gibbosus  i n  1966. I n  1977 t h e  dominant spec ie s  s h i f t e d  
- 
to E. o lmstedi ,  5. c o r p o r a l i s ,  5. commersoni, 11, a t r a t u l u s  and 2. a t romacula tus .  
The s h i f t  in dominant spec ie s  a t  t hese  s t a t i o n s  w a s  n o t i c e a b l e .  
S t a t i o n s  3 8 B  and 40 were loca ted  on t h e  s e c t i o n  of t h e  r i v e r  below 
the  Maryland C i t y  Sewage Treatment P l a n t  o u t f a l l .  I n  1966 t h e  f i s h  com- 
munity a t  S t a t i o n  38B loca ted  immediately downstream from t h e  o u t f a l l  was 
adversely reduced, bu t  g radua l ly  recovered by S t a t i o n  40, 2 . 5  mi les  f a r t h e r  
do~mstream. The average  spec ie s  d i v e r s i t y  i n d i c e s  were 1.06 a t  S t a t i o n  38B  
and 2.38 a t  S t a t i o n  40, The average evenness i n d i c e s  were 0.74 and 0.85 a t  
these two s t a t i o n s .  From 1966 t o  1977 a t  S t a t i o n  3 8 B  t h e  average spec ie s  
d ive r s i ty  index increased  s l i g h t l y  t o  1.55 b u t  decreased t o  1.64 a t  S t a t i o n  40. 
However, such changes a t  t h e  s t a t i o n s  f r o n  1966 t o  1977 were n o t  s t a t i s t i c a l l y  I 
s ign i f i can t  ( P )  0 .5 and 0.2) .  I n  1966 the  dominant s p e c i e s  w a s  C. commersoni 
a t  S t a t ion  38B,and E. olmstedi  was dominant a t  both  s t a t i o n s .  The adve r se  
e f f ec t s  of t h e  Maryland C i t y  Sewage Trea tnent  P l a n t  o u t f a l l  observed in  1966 
s t i l l  remained so i n  1977. 
S t a t i o n s  41  t o  45 were loca ted  downstream from t h e  o u t f a l l  of the 
Parkway Sewage Treatment P l a n t ,  one o f  t h e  l a r g e s t  p l a n t s  in t h e  Patuxent  
River bas in .  I n  1966 only  S t a t i o n s  41, 43 and 44 were sampled. I n  t h a t  
time t h e  e f f e c t s  of t h e  e f f l u e n t  on t h e  f i s h  community were a l r eady  ev iden t .  
The average spec ie s  d i v e r s i t y  index a t  these  t h r e e  s t a t i o n s  was low; 1.79 
a t  S t a t i o n  41,  2 .33  a t  S t a t i o n  43, and 2.01 a t  S t a t i o n  44. The evenness 
indices ranged between 0.66 and 0.92. Eniieacanthus g l o r i o s u s  (b luespot ted  
sun£ i sh )  , Esox americanus ( r ed f  i n  p i c k e r e l )  , 3. crysoleucas  , L. gibbosus 
and L. rnacrochirus were t h e  dominant s p e c i e s  i n  t h i s  s e c t i o n  of t h e  river 
which contained sewage p o l l u r e d  water  and t h i c k  growths of  a q u a t i c  v e g e t a t i o n .  
In  1977 t h e  s p e c i e s  d i v e r s i t y  i nd ices  were reduced b u t  no t  enough t o  b e  
s t a t i s t i c a l l y  s i g n i f i c a n t  (P > 0.1-0.5). The s p e c i e s  d i v e r s i t y  i n d i c e s  were  
1.19 a t  S t a t i o n  41, 2.05 a t  S t a t i o n  43 and 1.67 a t  S t a t i o n  44. Aquat ic  
vegetat ion was s c a r c e .  The dominant spec i e s  were 5. c o r p o r a l i s  and 
E .  o lmstedi .  Most of t h e  s p e c i e s  t h a t  were dominant i n  1966 and a s s o c i a t e d  
- 
with an a q u a t i c  v e g e t a t i o n  h a b i t a t  were e i t h e r  absen t  o r  r a r e  i n  1977. A 
subs t an t i a l  s h i f t  i n  t h e  dominant s p e c i e s  of t h e  community from 1966 t o  
1977 was no t i ced  i n  t h i s  s e c t i o n  o f  t h e  Pa tuxent  River .  
S t a t i o n  46 was loca t ed  a t  t h e  b r i d g e  behind t h e  Bowie Race Track and 
received an e f f l u e n t  from t h e  Horsepen Sewage Treatment P l a n t .  Th i s  p l a n t  
i s  the newest one i n  t h e  Patuxent  River  b a s i n  and i s  a t e r t i a r y  t rea tment  
p lan t  p r a c t i c i n g  dech lo r ina t ion .  I n  1966 when t h e r e  was no p l a n t ,  t h e  
average spec i e s  d i v e r s i t y  index a t  t h i s  s t a t i o n  was 2.18 and t h e  evenness 
index was 0.64.  The f i s h  community was dominated by - E. g l o r i o s u s ,  
C .  funduloides and g. procne.  I n  1977 a f t e r  t h e  p l a n t  w a s  o p e r a t i n g ,  t h e  
- 
species d i v e r s i t y  and evenness i n d i c e s  a t  S t a t i o n  46 remained f a i r l y  s i m i l a r  
(P)0.5) a t  1.91 and 0.57, r e s p e c t i v e l y .  However, t h e r e  was a s l i g h t  s h i f t  
in dominant s p e c i e s  i n  t h e  community. I n  1977, - C. fundulo ides ,  g. procne  
and E. o lms ted i  remained common, 2. c o r p o r a l i s  became dominant, and 
E. g l o r i o s u s  was absen t .  The e f f e c t s  of t h e  Horsepen P l a n t  e f f l u e n t  on 
- 
the f i s h  community i s  appa ren t ly  minimal. The s h i f t  i n  dominant spec i e s  
could b e  due t o  t h e  e f f e c t  of t h e  p o l l u t i o n  r e s u l t i n g  from t h e  Parkway 
Sewage Treatment P l a n t .  Th i s  s t a t i o n  can b e  cons idered  a s  p a r t  o f  t h e  
recovery zone extending from S t a t i o n  41  t o  S t a t i o n  47. 
S t a t i o n  47 was l o c a t e d  on t h e  main stem o f  t h e  Patuxent  River  about 
a q u a r t e r  mi l e  upstream from t h e  P a t u x e n t - L i t t l e  Patuxent  confluence.  T h i s  
s t a t i o n  r e c e i v e s  sewage e f f l u e n t  from t h e  Bowie Sewage Treatment  P l a n t .  
In  1966 t h e  average spec ie s  d i v e r s i t y  and evenness i n d i c e s  were 1.97 and 
0.96, r e s p e c t i v e l y .  I n  1977 t h e  spec ie s  d i v e r s i t y  index  was 1.71, n o t  
s i g n i f i c a n t l y  d i f f e r e n t  (P> 0.1) from t h a t  i n  1966. The ave rage  evenness 
index decreased t o  0.51, due t o  the  i n c r e a s e  i n  number o f  3. c ryso leucas  
which became t h e  most dominant spec ie s  i n  t h e  f i s h  community. The adve r se  
e f f e c t  of t he  Bowie p l a n t  e f f l u e n t  on f i s h  community was e v i d e n t  in 1966 
and remained s o  i n  1977. 
CONCLUSION 
F i s h  c o l l e c t i o n s  taken in 1966-1967 from t h e  upper  Pa tuxent  River ,  
Maryland, were r e p l i c a t e d  i n  1977. S u b s t a n t i a l  changes i n  t h e  spec ie s  
composition, spec ie s  d i v e r s i t y ,  and s t r u c t u r e  of  t h e  f i s h  communities 
occurred i n  t h e  s e c t i o n s  of t h e  r i v e r  r ece iv ing  sewage e f f l u e n t s  from t h e  
Savage and Patuxent-Crofton Sewage Treatment P l a n t s .  Also ,  t h e  f i s h  
c o r n u n i t i e s  i n  the s e c t i o n s  of  t h e  r i v e r  downstream from t h e  C i t y  o f  
Columbia and t h e  Tr i ade lph ia  Reservoir  showed obvious changes. 
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A P P E N D I X  
! 
FRESHWATER FISHES OF THE PATUXENT RIVER 
A L i s t  
-- 
F i s h e s  Co l l ec t ed  i n  t h e  Upper Patuxent  River above 
--- 
t h e  T ida l  Water Zone, 1966-1968 and 1977 
---- -
Family Salmonidae -- t r o u t ~  
Rainbow t r o u t  Salmo g a i r d n e r i  Richardson 
Brown t r o u t  Salmo t r u t t a  ~ i n n a e u s  
Brook t r o u t  S a l v e l i n u s  f o n t i n a l i s  ( M i t c h i l l )  
Family Urrbridae -- mudminnows 
Eastern mudminnow Umbra pygmaea ( k K a y )  
Family Esocidae -- p i k e s  
t Redfin p i c k e r e l  
i Northern p ike  I 
Chain p i c k e r  e l  
S tonero l le r  
Rosyside dace 
Carp 
Cutlip minnow 
Silvery minnow 
Fiver chub 
Golden s h i n e r  
Sa t inf in  s h i n e r  
Common s h i n e r  
Spo t t a i l  s h i n e r  
swallowtai l  s h i n e r  
Rosyface s h i n e r  
Blacknose dace 
Longnose dace 
Creek chub 
1 F a l l f i s h  
 sox americanus Gmelin 
Esox l u c i u s  Linnaeus 
Esox n i g e r  LeSueur 
--
Family Cyprinidae -- minnows and c a r p s  
Campostoma anomalum (Rafine sque ) 
Clinostomus fundu lo ides  G i ra rd  
Cyprinus c a r p i o  Linnaeus 
Exoglossum max i l l i ngua  (LeSueur) 
Hybognathus n u c h a l i s  - -- Agassiz 
Nocomis micropogon (Cope ) 
Notemigonus c r y s o l e u c a s  ( M i t c h i l l  ) 
Notropis  a n a l o s t a n u s  (Girard)  
Notsopis  c o r n u t u s  ( M i t c h i l l )  
Notropis  hudsonius  (Cl in ton)  
- - .  
Notropis  procne (Cope) 
Not ropis  r u b e l l u s  (Agassiz) 
- 
Rhinich thys  a t r a t u l u s  (Hermann) 
Rhinichthys c a t a r a c t a e  (Valenciennes)  
Semoti lus  a t romacu la tus  IMitchilll 
~ , ~- - - - .  
Semoti lus  c o r p o r a l i s  ( M i t c h i l l )  
I Family Catostomidae -- sucke r s  
I White sucker  Catostomus comrnersoni (Lac6pdde) 
/ Creek chubsucker Erimyzon oblonqus ( M i t c h i l l  ) 
i Northern hog sucker  Hypentelium n i g r i c a n s  (LeSueur) Northern r ed  ho r se  Moxostoma macrolepidotum (LeSueur) 
Family ~ c t a l n r i d a e  -- f r e shwa te r  c a t f i s h e s  
White c a t f i s h  
Brown bul lhead  
Tadpole madtom 
Margined madtom 
I c t a l u r u s  c a t u s  (Linnaeus) 
I c t a l u r u s  nebu losus  ( h s u e u r )  
Noturus gy r inus  ( M i t c h i l l )  
Noturus i n s i g n i s  (Richardson) 
--
Banded k i l l i f i s h  
~ummichos 
Pirate oerch 
A 
White perch 
Rock bass 
Bluespotted s u n f i s h  
Redbreast s u n f i s h  
Green s u n f i s h  
Pumpkinseed 
Bluegill  
Snallmouth bas s  
Largemouth b a s s  
Fkite c rappie  
Black crappie  
Tesse l la ted  d a r t e r  
Glassy d a r t e r  
Yellow perch 
St r ipe  back d a r t e r  
Shield d a r t e r  
Family Cyprinodontidae -- k i l l i f i s h e s  
Fundulus diaphanus (LeSueur) 
Fundulus h e t e r o c l i t u s  (Linnaeus)  
Family Aphredoderidae,-- p i r a t e  pe rches  
Aphredoderus sayanus ( G i l l i a r n s )  
Family Perc ich thyidae  -- temperate  b a s s e s  
Morone americana (Gmelin) 
Family Cent rarch idae  -- s u n f i s h e s  
Ambloplites r u p e s t r i s  (Rafinesque ) 
k n e a c a n t h u s  g l o r i o s u s  (Holbrook) 
Lepomis a u r i t u s  (Linnaeus) 
Lepomi s cyane l lu s  Rafinesque 
Lepomis gibbosus (Linnaeus) 
Lepomis macrochirus  Rafinesque 
Micropterus dolomieui Lac&p$de 
Micropterus sa lmoides  (LacgpSde) 
~ o m o t i s  a n n u l a r i s  Rafinesque 
Pomaxis nigroma.culatus (LeSueur) 
Family Perc idae  -- perches  
Etheostoma o l m s t e d i  S t o r e r  
Etheostoma v i t r ewn  (Cope) 
Perca  f l avescens  ( M i t c h i l l )  
Pe rc ina  notogranma (Raney and ~ u b b s )  . 
p e r c i n a  p e l t a t a  ( S t a u f f e r )  
